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Abstract
We explore the sparticle spectroscopy of the supersymmetric SU(5) model with non-universal
gaugino masses in light of latest experimental searches. We assume that the gaugino mass
parameters are independent at the GUT scale. We find that the observed deviation in the
anomalous magnetic moment of the muon can be explained in this model. The parameter space
that explains this deviation predicts a heavy colored sparticle spectrum whereas the sleptons
can be light. We also find a notable region of the parameter space that yields the desired relic
abundance for dark matter. In addition, we analyze the model in light of latest limits from
direct detection experiments and find that the parameter space corresponding to the observed
deviation in the muon anomalous magnetic moment can be probed at some of the future direct
detection experiments.
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1 Introduction
Extensive search for Supersymmetry (SUSY) continues at various fronts such as the Large
Hadron Collider (LHC) and direct/indirect detection experiments. The elegance of SUSY lies
in the fact that it leads to gauge coupling unification and provides a viable candidate for cold
dark matter (the neutralino) [1]. The discovery of a 125 GeV Higgs boson, although consistent
with predictions from the Minimal Supersymmetric Standard Model (MSSM), implies severe
constraints on the parameter space of SUSY. The ATLAS and CMS experiments at 13 TeV LHC
(with an integrated luminosity of 36 fb−1) have recently reported updated bounds on various
sparticle masses. For instance, the reported limit on the first/second generation squark masses
from LHC is mq˜ ' 1.6 TeV [2]. The currrent limits on the gluino mass is mg˜ ' 1.9 TeV and the
stop mass is mt˜ ' 1 TeV [3]. In addition, current searches for the charginos have not resulted
in any signals and the present limit on its mass is mχ˜± ' 430 GeV [4]. The High Luminosity
LHC (HL-LHC) is expected to improve these limits if no SUSY signals are found [5, 6, 7, 8].
Another possible signature of SUSY may be the observed deviation in the muon anomalous
magnetic moment aµ = (g − 2)µ/2 (muon g − 2) from its SM prediction [9]
∆aµ ≡ aµ(exp)− aµ(SM) = (28.6± 8.0)× 10−10. (1)
In our analysis we show that the SU(5) model with non-universal gaugino masses can explain
the above deviation in (g − 2)µ.
The paper is orgranized as follows: In section 2, we briefly review the SUSY contribution to
the muon anomalous magnetic moment and present the expression for ∆aµ. Section 3 describes
our scanning procedure, the constraints we implement and the parameter space of the SU(5)
model we explore. In section 4, we present the results of our parameter space scan. We conclude
in section 5
2 The Muon Anomalous Magnetic Moment
The leading contribution from low scale supersymmetry to the muon anomalous magnetic mo-
ment is given by [10, 11]:
∆aµ =
αm2µ µ tan β
4pi
{
M2
sin2 θW m2µ˜L
[
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2
2/m
2
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] }
, (2)
where α is the fine-structure constant, µ is the bilinear Higgs mixing term, mµ is the muon mass,
and tan β is the ratio of the vacuum expectation values (VEV) of the MSSM Higgs doublets.
M1 and M2 denote the U(1)Y and SU(2) gaugino masses respectively, θW is the weak mixing
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angle, and mµ˜L and mµ˜R are the left and right handed smuon masses. The loop functions are
defined as follows:
fχ(x) =
x2 − 4x+ 3 + 2 lnx
(1− x)3 , fχ(1) = −2/3, (3)
fN(x) =
x2 − 1− 2x lnx
(1− x)3 , fN(1) = −1/3 . (4)
The first term in equation (2) stands for the dominant contribution from one loop diagram
with charginos (Higgsinos and Winos), while the second term entails contributions from the
bino-smuon loop.
3 Non-Universal Gaugino Masses in SU(5)
In the SU(5) GUT, the SM fermions of each family are allocated to the following representations:
5¯ ⊃ (dc, L) and 10 ⊃ (Q, uc, ec). We consider two independent Soft SUSY Breaking (SSB) scalar
mass terms at MGUT, namely, m5¯ and m10, for the matter multiplets. For simplicity, we will
assume that at the GUT scale we have m5¯ = mHu = mHd , where mHu and mHd are the mass
parameters of the MSSM Higgs doublets, which belong to the 5(Hu) and 5¯(Hd) representations
of SU(5) [12, 13]. Therefore, in the SU(5) scenario the SSB masses at MGUT are as follows:
mD˜c = mL˜ = mHu = mHd = m5¯,
mQ˜ = mU˜c = mE˜c = m10, (5)
Non-universality of gaugino masses have been considered in several studies [14] and many have
made attempts to explain the observed deviation in (g − 2)µ in this context [15, 16, 17]. For
example, it was shown in [16] that the g−2 anomaly can be resolved by employing non-universal
gaugino masses in SUSY SO(10). Furthermore, it was shown in [18] that the resolution of the
muon g − 2 anomaly is compatible with a 125 GeV Higgs boson mass, the WMAP relic dark
matter density and excellent t-b-τ Yukawa unification.
It has also been pointed out that non-universal MSSM gaugino masses at MGUT can arise
from non-singlet F-terms, compatible with the underlying GUT symmetry such as SU(5) and
SO(10) [19]. Non-universal gauginos can also be generated from an F -term which is a linear
combination of two distinct fields of different dimensions [20]. One can also consider two distinct
sources for supersymmetry breaking [21]. With many distinct possibilities available for realizing
nonuniversal gaugino masses we employ three independent masses for the MSSM gauginos in
SUSY SU(5) GUT.
We employ Isajet 7.84 [22] interfaced with Micromegas 2.4 [23] to perform random scans over
the parameter space. We use Micromegas to calculate the relic density and BR(b → sγ). The
function RNORMX [24] is employed to generate a Gaussian distribution around random points
in the parameter space. Further details regarding our scanning procedure can be found in [25].
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After collecting the data, we impose the following experimental constraints on the parameter
space:
123 GeV ≤ mh ≤ 127 GeV
0.8× 10−9 ≤ BR(Bs → µ+µ−) ≤ 6.2× 10−9 (2σ)
2.99× 10−4 ≤ BR(b→ sγ) ≤ 3.87× 10−4 (2σ)
0.15 ≤ BR(Bu→τντ )MSSM
BR(Bu→τντ )SM ≤ 2.41 (3σ).
mg˜ & 1.9 TeV
mt˜ & 1 TeV
mχ˜± & 430 GeV
20.6× 10−10 < ∆aµ < 36.6× 10−10 (1σ)
The ranges of the parameters for this model are as follows:
0 ≤ m5¯ ≤ 30 TeV
0 ≤ m10 ≤ 30 TeV
−3 ≤ A0/m5¯ ≤ 3
2 ≤ tan β ≤ 60
0 ≤ M1 ≤ 5 TeV
0 ≤ M2 ≤ 5 TeV
−5 TeV ≤ M3 ≤ 0
µ > 0
Here M1, M2, and M3 denote the SSB gaugino masses for U(1)Y , SU(2)L and SU(3)c respec-
tively. tan β is the ratio of the vacuum expectation values (VEVs) of the two MSSM Higgs
doublets, and A0 is the universal SSB trilinear scalar interaction (with corresponding Yukawa
coupling factored out). In order to obtain the correct sign for the desired contribution to (g−2)µ,
we set same signs for the parameters µ, M1 and M2. We choose mt = 173.3 GeV.
4 Results and Analysis
In this section we present our results for the parameter space scan described in section 3.
In Figures 1-6, green points satisfy the sparticle mass constraints and B-physics constraints
described in section 3. Brown points form a subset of the green points and satisfy 0.001 ≤
Ωh2 ≤ 1. We choose a wider range for the relic density due to the uncertainties involved in the
numerical calculations of various spectrum calculators. Moreover, dedicated scans within the
brown regions can yield points compatible with the current WMAP range for relic abundance.
Orange points form a subset of the green points and satisfy the muon g−2 constraint presented
in section 3. From the figures we can observe that there is a considerable region of the parameter
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space that satisfies the sparticle mass and B-physics constraints. In addition, there is a notable
region of the parameter space that satisfies the desired relic density constraint (brown points)
and the (g − 2)µ constraint (orange points).
In Figure, 1 we display our results in the ∆aµ−Mχ˜01 , ∆aµ−mµ˜L , ∆aµ−mµ˜R , ∆aµ− tan β,
∆aµ−µ, and ∆aµ−Mχ˜±1 planes. We can see that the resolution of the (g−2)µ anomaly implies
an upper bound of ∼ 400 GeV on the neutralino mass. In addition, the following bounds
can be deduced for the left and right handed smuon masses: 300 GeV . mµ˜L . 1 TeV and
150 GeV . mµ˜R . 1.2 TeV. Moreover, good (g−2)µ implies fairly large values of the parameter
µ, i.e., 3 TeV . µ . 5.5 TeV and tan β is restricted to the following intervals: 35 . tan β . 45
and 12 . tan β . 20. The lower right panel shows that the chargino mass has an upper bound
of around 1.5 TeV due to the (g−2)µ constraint. Note that earlier studies have found that there
are several factors which can lead to a large SUSY contribution to (g − 2)µ. These include the
case when M1, M2 and µ have the same sign [26], in which case both of the terms arising from
chargino-sneutrino and bino-smuon loops in equation (2) will be positive. Furthermore, large
values of µ tan β and light smuons can also lead to large ∆aµ as can be seen from equation (2).
Results displayed in Figure 1 are consistent with these observations.
In Figure 2, our results are displayed in the ∆aµ −M3/M1, ∆aµ −M3/M2, ∆aµ −M2/M1,
∆aµ −M3, ∆aµ −m10 and ∆aµ −m5¯ planes. We can see from the upper two panels that the
gaugino mass ratios are restricted to fairly large values (orange points), i.e., M3/M1 & 5 and
M3/M2 & 2.5. The ratio M2/M1 can be relatively small with a lower bound given by, M2/M1 &
1. From the right central panel, we can see that the gaugino mass parameter M3 & 3 TeV if we
insist on the resolution of the (g − 2)µ anomaly. The large values of the parameter M3 at the
GUT scale implies a heavy colored sparticle spectrum at low scale as we can see from the orange
points in Figure 3. From the lower panels of Figure 2 we can see that the sfermion masses at
MGUT are light and are restricted to fairly narrow intervals, namely, 250 GeV . m10 . 1.25 TeV
and 50 GeV . m5¯ . 700 GeV.
Figure 3 shows our results in the mg˜ vs. mq˜, MA vs. Mχ˜01 , Mχ˜±1 vs. mχ˜
0
1
, mµ˜L vs. Mχ˜01 , mτ˜1
vs. Mχ˜01 and mt˜1 vs. mτ˜1 planes. We can see that the (g − 2)µ constraint implies heavy colored
sparticle masses bounded in narrow intervals, namely, 5 TeV . mq˜ . 8.25 TeV, 5.5 TeV .
mg˜ . 10 TeV, 4 TeV . mt˜1 . 7 TeV. Recent searches for SUSY signatures at the LHC lead to
a lower bound of ∼ 1.9 TeV on the gluino mass. The High Luminosity LHC (HL-LHC), with an
anticipated luminosity of 3000 fb−1, will be able to probe gluinos upto 2.3 TeV and stop masses
upto 1.2 TeV [5, 6, 7]. There is a considerable region of the parameter space of this model
that is accessible at the current and future colliders. However, the heavy colored sparticle mass
spectrum predicted by the (g− 2)µ constraint may be difficult to test at the LHC but might be
accessible to future colliders such as the HE-LHC [8]. We can see from the MA vs. Mχ˜01 that the
pseudoscalar Higgs boson mass can be as light 500 GeV, which is within the reach of the LHC.
In the lower right panel, we can see that the stau can also be light and its mass is bounded in
the interval 100 GeV . mτ˜1 . 600 GeV.
In Figure 4, we present the Ωh2 vs. Mχ˜01 plane. We can see that the parameter space
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consistent with the (g− 2)µ constraint also leads to small relic density for dark matter. We can
see from Figure 3 that there are several coannihilation channels such as the chargino-neutralino,
smuon-neutralino and stau-neutralino coannihilation channels that come into play in order to
yield the desired relic abundance.
In Figure 5, we analyze the prospects of direct detection of neutralino dark matter in
the σSI vs. Mχ˜01 plane. The upper left corner of the plot shows the two anomalous signals
DAMA/LIBRA [27] and CDMS-Si [28]. In addition, we display the XENON100 [29] and the
LUX2016 bound [30] (solid lines). The future projected reaches of XENON1T [31], LZ (with 1
keV cutoff) [32], XENONnT [31] and DARWIN [33] are shown as dashed lines. We can observe
that the parameter space of this model can be probed by direct detection experiments as well.
Some of the parameter space is already excluded by the Xenon and LUX experiment (solid
lines) whereas a significant region is accessible to the XENON1T, LZ, XENONnT and DAR-
WIN experiments. In particular, the parameter space consistent with the (g − 2)µ constraint
correspond to low cross sections and will be accessible to the LZ, XENONnT and DARWIN
experiments. There is also a notable region of the parameter space with considerably low cross
sections which is not accessible to any of the projected sensitivities.
The spin dependent neutralino cross section is displayed in the right panel of Figure 5 in
the σSD vs. Mχ˜01 plane. The recent limits from Antares [34] and IceCube [35] are shown as
solid lines. The dashed lines show the projected reach of the LZ [32], XENON1T [33], Pico-
500 [36] and the DARWIN [33] experiments. We can see that the parameter space of this model
is accessible to these future experiments. However the parameter space corresponding to the
(g − 2)µ constraint (orange points) have very low cross sections and is well beyond the search
limit of all of these experiments.
The version of Isajet [22] we employ calculates the fine-tuning parameters related to the
little hierarchy problem at the Electro Weak (∆EW ) and GUT scale (∆HS). In the context of
this problem, Figure 6 presents the prediction of this model in the ∆EW vs. ∆HS plane. The
reader is referred to [37] for the definition of these parameters. Lower values of these parameters
imply that the model is more “natural” or less fine tuned. We can see that this model allows for
∆EW and ∆HS & 1000 (fine tuning < 0.1%), which is not very suitable for the resolution of the
little hierarchy problem. The (g − 2)µ constraint (orange points) does not favor the resolution
of the little hierarchy problem since it implies ∆EW ' ∆HS & 2000 (fine tuning < 0.05%).
Lastly, we present three benchmark points from our analysis in Table 1. The three points
satisfy the various constraints described in Section 3. In addition, the (g − 2)µ constraint is
also satisfied and the relic density is consistent with WMAP. The neutralino is essentially a
bino for the three points. The sleptons are fairly light and the points exhibit stau and smuon
coannihilation. The colored sparticle spectrum is quite heavy for the three points (> 6 TeV)
and are beyond the reach of LHC. As noted in Figure 6 the parameter space with good (g− 2)µ
is fine-tuned and we can see that the fine-tuning parameters in the table are ∼ 5000 (0.02%
fine-tuning).
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5 Conclusion
We analyzed the supersymmetric SU(5) model with non-universal gaugino masses such that
the gaugino mass parameters are independent at the GUT scale. We showed that there is
a considerable region of the parameter space of this model that satisfies the sparticle mass
constraints, B-physics constraints and yields the desired relic abundance. We also showed that
the observed deviation in the muon anomalous magnetic moment (g − 2)µ can be explained in
this model. The sparticle spectroscopy of the model was also presented and it was shown that
the colored sparticle spectrum consistent with the (g− 2)µ constraint is quite heavy and hardly
within the reach of the LHC whereas the sleptons are fairly light. In addition, we analyzed the
prospects of direct detection of dark matter in this model and found that the parameter space
corresponding to the (g − 2)µ constraint predicts low cross sections and is within the projected
sensitivites of some experiments.
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Point 1 Point 2 Point 3
m10 315.3 460.3 537.1
m5¯ 289 413.3 312.1
M1 397.3 573.6 686.5
M2 1304.8 784.8 680
M3 −4448 −4503 −4748.7
A0 666.4 996 878.6
tan β 36.9 38.7 40.6
µ 901 715 678
mh 124.2 124.3 124.5
mH 2711 2417 2050
mA 2693 2401 2036
mH± 2712 2419 2052
mχ˜01,2 209, 1210 288, 767 341, 681
mχ˜03,4 4459, 4459 4605, 4606 4847, 4847
mχ˜±1,2 1215, 4417 769, 4563 683, 4802
mg˜ 8835 8964 9427
mu˜L,R 7553, 7528 7643, 7653 8031, 8049
mt˜L,R 6515, 6793 6608, 6814 6962, 7124
md˜L,R 7553, 7532 7643, 7655 8032, 8040
mb˜R 6737, 6879 6751, 6898 7040, 7174
mµ˜L,R 863,276 609,472 469, 564
mτ˜L,R 243, 942 328, 845 382, 913
∆(g − 2)µ 20.6× 10−10 23.5× 10−10 29.7× 10−10
σSI(pb) 8.71× 10−15 8.63× 10−15 1.15× 10−14
σSD(pb) 1.5× 10−10 1.29× 10−10 1.04× 10−10
ΩCDMh
2 0.12 0.12 0.1
∆EW 4945 5278 5852
∆HS 4945 5278 5852
Table 1: Masses in the table are in units of GeV. All the points satisfy the B-physics and
sparticle mass constraints presented in section 3. In addition the points satisfy the (g − 2)µ
constraint. The smuons and staus are fairly light for the three points and these points exhibit
smuon and stau coannihilation.
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Figure 1: Plots in the ∆aµ−Mχ˜01 , ∆aµ−mµ˜L , ∆aµ−mµ˜R , ∆aµ−tan β, ∆aµ−µ, and ∆aµ−Mχ˜±1
planes. Green points satisfy the sparticle mass constraints and B-physics constraints described
in Section 3. Brown points form a subset of the green points and satisfy 0.001 ≤ Ωh2 ≤ 1.
Orange points are subset of the green points and satisfy the muon g− 2 constraint described in
Section 3. 12
Figure 2: Plots in the ∆aµ−M3/M1, ∆aµ−M3/M2, ∆aµ−M2/M1, ∆aµ−M2, ∆aµ−M3 and
∆aµ −m16 planes. Color coding is the same as Figure 1.
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Figure 3: Plots in the mg˜ vs. mq˜, MA vs. Mχ˜01 , Mχ˜±1 vs. mχ˜
0
1
, and mt˜1 vs. mτ˜1 planes. Color
coding is the same as Figure 1.
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Figure 4: Plot in the Ωh2 vs. Mχ˜01 plane. Color coding is the same as in Figure 1.
Figure 5: Plots in the σSI vs. Mχ˜01 and σSD vs. Mχ˜01 planes. Color coding is the same as in
Figure 1.
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Figure 6: Plots in the ∆EW vs. ∆HS planes. Color coding is the same as in Figure 1.
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